Intracellular magnesium during myocardial ischemia and reperfusion: possible consequences for postischemic recovery.
Magnesium (Mg2+) is an important regulator of cell energy metabolism, since only MgATP can serve as a substrate for ATP utilizing processes. We used 31P NMR spectroscopy to determine the complexation of ATP with Mg2+ and intracellular free Mg2+ (Mgf) in isolated rat hearts during control perfusion, ischemia and reperfusion. Atomic absorption spectrophotometry was used to determine preischemic and postischemic tissue Mg2+ and release of Mg2+ into the coronary effluent during reperfusion. Mgf increased from 0.60 mmol/l during control perfusion to greater than 6.5 mmol/l after 15 min of ischemia, while we estimated that at that time 6.7 mmol/l Mg2+ had been liberated from ATP. Less than 2% of cellular Mg2+ was released to the effluent during reperfusion after 30 min of ischemia. From spectra obtained during reperfusion the fraction of ATP that was bound to Mg2+ was calculated to be approximately 96% (compared to 94% during control perfusion), indicating that intracellular Mg2+ did not limit the metabolic use of the newly produced ATP. Mgf remained elevated during reperfusion (0.85 mmol/l). We conclude that intracellular Mg2+ deficiency due to leakage of Mg2+ to the extracellular space does not play a role in the poor postischemic recovery in this isolated rat heart model. Nevertheless, high Mg2+ prior to ischemia or during reperfusion may well be protective, due to interactions of Mg2+ with the sarcolemma or intracellular sites, affecting Ca2+,K+ and Na+ distribution and fluxes.